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Aerodynamic performanceAbstract Aerodynamic performance of a Bladeless fan is numerically investigated considering the
effect of five geometric parameters. Airflow through this fan was analyzed by simulating a Bladeless
fan within a 2 m  2 m  4 m room. Analysis of the flow field inside the fan and the evaluation of
its performance were obtained by solving conservations of mass and momentum equations for the
aerodynamic investigations. In order to design the Bladeless fan an Eppler 473 airfoil profile was
used as the cross section of the fan. Five distinct parameters, namely height of cross section of
the fan, outlet angle of the flow relative to the fan axis, thickness of airflow outlet slit, hydraulic
diameter, and aspect ratio for circular and quadratic cross sections were considered. Validating
3-D numerical results, experimental results of a round jet showed good agreement with those of
the simulation data. The multiplier factor M is defined to show the ratio of the outlet flow rate
to inlet flow rate from the fan. The obtained numerical results showed that the Discharge ratio
has the maximum value for the height of 3 cm. The numerical outcomes of outlet thickness varia-
tion indicate that this parameter is one of the most influential parameters on the aerodynamic per-
formance of a Bladeless fan. The results for the outlet thicknesses of 1, 2 and 3 mm showed that the
Discharge ratio increased significantly when the outlet thickness decreased.
 2015 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Nowadays, axial and radial fans are employed for various
applications such as cooling systems, air conditioning, andventilation of underground spaces. The aerodynamic perfor-
mance of fans has been improved by increasing advancements
in Computational Fluid Dynamics (CFD) and economic
growth offering different types of fans with various applica-
tions and higher efficiency. In 2009, a new fan whose appear-
ance and performance were different from conventional fans
was invented. The main differences of this fan with respect
to conventional fans (axial and radial fans) are the multiplying
intake air flow and lack of observable impeller [1]. This fan,
namely the Bladeless/Air Multiplier fan, was named on the
Nomenclature
AR aspect ratio
CH cross-sectional height
OA outlet angle
OT outlet thickness
Latin
x; y; z cartesian coordinate
t time
u fluid velocity
p static pressure
D diameter
pref reference pressure
k turbulent kinetic energy
Greek letters
e dissipation rate of turbulent kinetic energy
lt turbulent viscosity
q density
sij shear stress tensor
rk; re parameters of the standard k–e model
Subscripts and indices
i; j indices for Cartesian tensor notation
t turbulence flow
1; 2; 3 indices for directions x, y, z
224 M. Jafari et al.basis of the two mentioned features. Currently, this fan is man-
ufactured for domestic applications with a diameter of 30 cm.
There are two typical fans widely used: axial and radial
types, however Bladeless fans are completely distinct from
those fans from a mechanism aspect. Bladeless fans are similar
to centrifugal fans in terms of radial impellers for intake air
and also similar to axial fans in terms of preparing higher rate
of outlet airflow. Although studies about Bladeless fan are rare
in the literature, numerous experimental and numerical studies
have been performed on the axial and centrifugal fans. Lin and
Huang [2] designed a Forward–Curved (FC) centrifugal fan by
numerical simulation and experimental tests. They selected a
NACA 0012 airfoil profile for its blade and indicated that this
fan produces a higher maximum flow rate and static efficiency
when the blade inlet angle is 16.5. The influence of an
enlarged impeller on performance of a centrifugal fan was
experimentally examined by Chunxi et al. [3]. By comparison
of obtained results, they observed that flow rate, total pressure
rise and shaft power increased while the efficiency of the fan
decreased for larger blades. Govardhan and Sampat [4] inves-
tigated the flow field in a cross flow fan by three-dimensional
simulation via the commercial software code, CFX. They sim-
ulated three impeller geometries for different radius ratio and
blade angles and then compared their efficiency. Sarraf et al.
[5] experimentally studied axial fans performance for two iden-
tical fans with different impeller thickness. They indicated that
the overall performance of these two fans was the same, but
the fan with thicker blades contained an 8% higher rate of
pressure loss. Also the efficiency of the fan with thinner blades
was 3% higher than the fan with thicker blades. Mohaideen [6]
improved an axial fan blade by using the Finite Element
Method (FEM) and reduced 18.5% of the blade weight after
optimizing on the blade thickness via stress analysis by
ANSYS commercial software. Furthermore, there are other
Refs. [7–10] on investigating the axial and radial fans experi-
mentally or numerically to evaluate the aerodynamic
performance.
Although the Bladeless fan was invented in 2009, until now
the aerodynamic performance of this fan has not been studied
numerically or experimentally for different conditions. This
fan is designed for home applications with a diameter of
30 cm and the only available geometric information ismentioned in patent documentation [1]. In the present study,
the effect of five geometric parameters is investigated on the
performance of a Bladeless fan with a 30 cm diameter. The
studied parameters are height of fan cross section, outlet angle
of the flow relative to the fan axis, height of fan cross section,
hydraulic diameter, and aspect ratio for circular and quadratic
cross sections. The unsteady conservation of mass and momen-
tum equations is solved to simulate three-dimensional incom-
pressible flow in the Bladeless fan. Validating 3-D numerical
simulations, the experimental results of a round jet [11] are
compared with the numerical simulation results. Since there
are not any experimental data about Bladeless fans, the round
jet data are selected for comparison due to much similarity.
The turbulence in the Bladeless fan is simulated by the stan-
dard k–e turbulence model. In order to design the cross section
of a Bladeless fan, Eppler 473 airfoil is chosen among standard
airfoils. The Eppler 473 airfoil is selected because it is an
appropriate airfoil for low Reynolds numbers and the high
similarity of this airfoil profile to the original cross section
(designed by inventor) [1]. The volume flow rate is calculated
at a distance up to 3 times of the nozzle diameter in front of
the fan [1].
2. Mechanism of Bladeless fan
This fan is produced for domestic applications and its diameter
is 30 cm. This type of fan could multiply volume flow rate of its
intake air (about 15 times depend on geometry) by sucking air
from backing of the fan, as a result of its specific geometry.
Some other advantages are low depreciation, hidden blades
and more safety, easier to clean, and outlet airflow without cir-
culation. Moreover, multiply of intake flow with respect to
outlet flow and no danger for kids or pets are unique features
of Bladeless fans. The mechanism of input and outlet airflow
from this fan is shown in Fig. 1. At the first stage, the airflow
is sucked into the fan through a rotating DC brushless motor
and a mixed flow impeller. The intake air is accelerated by
passing through an annular aperture, and the cross section
of this fan is similar to an airfoil profile. Then air is pushed
out from a ring shape region and the air velocity is increased
in this region. A considerable pressure difference is generated
between both sides of the fan and the discharged air which
Figure 1 Schematic of airflow motion steps from a Bladeless fan.
Figure 2 3-D schematic of Bladeless fan within the computa-
tional domain.
Figure 3 Four distinct heights of cross sections, (a) 1.5 cm, (b)
2 cm, (c) 3 cm, (d) 4 cm.
Numerical investigation of geometric parameter effects 225can be described by Bernoulli’s principle. This pressure differ-
ence draws the rear and surrounding air toward the front of
fan. Therefore a Bladeless fan amplifies the intake air by draw-
ing the air from behind and around the fan. Hence the inventor
of this fan claims that [1] this fan multiplies intake air about 15
times at a distance of 3D in front of the fan (around 1000–
1200 mm) [1,12]. All of the described stages are shown in
Fig. 1.
3. Computational method
In this work, conservation equations of mass and momentum
are numerically solved to analyze the unsteady incompressible
flow within the Bladeless fan. The continuity equation is
described by
@q
@t
þ @
@xi
ðquiÞ ¼ 0 ð1Þ
where i= 1, 2 and 3, q is the air density and ui is the velocity in
direction i. The momentum equations are given by@
@t
ðquiÞ þ @
@xi
ðquiujÞ ¼  @p
@xi
þ @sij
@xj
ð2Þ
p is the static pressure and sij is the stress tensor. The standard
k–e turbulence model is used to simulate turbulent flow. The
standard k–e model is a semi-empirical model that was
Figure 4 (a) Airfoil cross section for outlet angles of 10, 13, 16
and 20. (b) Airfoil cross section for three outlet slits of 1 mm,
2 mm and 3 mm.
Figure 5 (a) Schematic of airflow outlet area for three hydraulic
diameters of 30 cm, 60 cm and 120 cm. (b) Studied airfoil for
aspect ratio studying cases.
226 M. Jafari et al.introduced by Launder and Spalding [13]. The turbulence
kinetic energy, k, and its rate of dissipation, e, are described
by the following equations:Figure 6 (a) Circular outlet of fan with constant hydraulic diameter
constant hydraulic diameter of 30 cm and outlet slit of 1.3 mm.@
@t
ðqkÞ þ @
@xi
ðquikÞ ¼ @
@xi
lþ lt
rk
 
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 
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@t
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The turbulent viscosity is also evaluated as
lt ¼ Clq
k2
e
ð5Þ
and
Gk ¼ lt
@uj
@xi
þ @ui
@xj
 
@uj
@xi
ð6Þ
Gk is the production rate of turbulent kinetic energy in Eqs. (3)
and (4). YM represents the contribution of the fluctuating
dilatation in compressible turbulence to the overall dissipation
rate. Sk and Se are user-defined source terms. In these equa-
tions, the constant parameters based on the Ref. [14] are
C1e = 1.44, C1e = 1.92, Cl = 0.09, rk = 1.0 and re = 1.3. A
second order implicit scheme is used for discretization of time
dependent terms in the equations. Furthermore, the second
order upwind scheme has been used for convection terms
and the central difference scheme for diffusion terms. The
SIMPLE algorithm is applied for pressure–velocity coupling
and the obtained solutions are based on time step 0.0001.
4. Boundary conditions
In this study, concentration was on geometrical characteristics
of the top section, so its motor with radial impeller was not
simulated here. Instead, the adequate mass flow inlet boundary
condition was set to the inlet duct in each simulation. Fig. 2
illustrates the location of a Bladeless fan within a room, 4 m
in length, 2 m in width and 2 m in height. As shown in this fig-
ure, air enters through a cylindrical inlet of 9 cm diameter
beneath the annular part of the fan. Then the intake air passes
through a narrow gap to the annular part of the fan where the
cross section is an Eppler 473 airfoil profile. Simulation of the
area beneath the fan and its impellers is negligible due to the
considerable importance of regarding the top part for multi-
plying the amount of air leaving the Bladeless fan. Thoughof 30 cm and outlet slit of 1.3 mm. (b) Square outlet of fan with
Figure 7 (a) Square cross sections for different values of aspect ratio, (a) 1, (b) 1.5, (c) 2. (b) Circular cross sections for different values of
aspect ratio, (a) 1, (b) 1.5, (c) 2.
Figure 8 Velocity profiles at a distance of 50 cm in front of the
fan with inlet flow rate of 30 L/s.
Numerical investigation of geometric parameter effects 227blades have not been simulated, the boundary conditions are
considered for entry in the fan blades. No slip condition is
assigned to the room floor and Bladeless side wall (blue
colored parts in Fig. 2) and a free boundary with zero relative
pressure was assigned to other walls of the room.5. Geometry of investigation parameters
The effect of five distinct geometric parameters on the perfor-
mance of a Bladeless fan is investigated in the present study.
The first parameter is the height of the fan cross section.
Fig. 3 shows the different sizes of cross sections and their
dimensions are in 1.5 cm, 2 cm, 3 cm and 4 cm height cross sec-
tions are used to observe the effect of related parameters. Air-
foil length and thickness of exiting region are constant for all
case studies (see Fig. 3) to keep the height of the fan cross sec-
tion as the only varying parameter.
The second investigated parameter is the outlet angle of the
flow relative to the fan axis. As shown in Fig. 4a, outlet angles
are assigned to be 10, 13, 16 and 20. Also the lengths of
other airfoils are kept constant to keep the outlet angle the solo
varying parameter. The thickness of the airflow outlet slit is
1 mm.
Thickness of the airflow outlet slit is the third studied
parameter effecting on the Bladeless fan performance. As illus-
trated in Fig. 4b, three outlet slits of 1 mm, 2 mm and 3 mm
are considered with a constant airfoil length, height of cross
section and outlet angle of flow (16).
Three hydraulic diameters of 30 cm, 60 cm and 120 cm are
considered for investigating the effect of hydraulic diameter
size on Bladeless fan performance (see Fig. 5a). The air outlet
slit is a constant 4 mm for the mentioned case study. Influence
of aspect ratio for circular and square cross sections on the
Figure 9 Mesh and schematic of considered geometry and
boundary conditions.
Figure 10 (a) Streamwise velocity decay along the jet centerline.
(b) Comparison between experimental and numerical results of
spreading of jet.
Figure 11 (a) Comparison of flow increase curve for four cross
sections with heights 1.5, 2, 3 and 4 cm. (b) Diagram of flow
increase ratio for various cross-sectional thickness of fan.
228 M. Jafari et al.performance of a Bladeless fan is the last study parameter.
Fans with aspect ratios of 1, 1.5 and 2 with an outlet slit of
1.3 mm are considered. Not only the aspect ratio value is inves-
tigated in this part, but also the effect of fan shape (circular or
square) is studied. Characteristics of the airfoil for the studied
parameter in the mentioned cases are illustrated in Fig. 5b.
Outlet slits for a circular and square fan are schematically
shown in Fig. 6a and b. The value of the hydraulic diameter
is kept constant for these case studies to see the effect of the
aspect ratio on fan performance. The 3-D schematics of the
aspect ratio in the varying cases are shown in Fig. 7a and b.6. Grid resolution
Grid independency of the simulation is carried out before sim-
ulating case studies according to cells attributed to the fan and
the cub to reach a reasonable cell number. So, three mesh sizes
with 876,025, 1,231,483, and 1,763,205 cells for simulation of
the fan with a diameter of 30 cm and a thickness of 1 mm out-
let, have been used. As shown in Fig. 8, the velocity profiles of
the exhaust air 50 cm in front of the fan are compared for the
three mesh sizes. The results showed that the cell number
1,231,483 is suitable for the current simulation, so the number
of grid cells for subsequent partitions is used. It should be
noted that for fans with a diameter larger than 30 cm the
chamber is larger, so in order to increase the accuracy of the
results, more cells are used.
7. Validation of 3-D fan simulation
There are no sufficient and detailed experimental data for the
Bladeless fan in the literature for validation. Since the exit sec-
tion of the Bladeless fan acts as a jet flow, the physics of both
Figure 12 (a) Contours of velocity vectors for the cross-sectional
fan with a height of 1.5 cm and the inlet volumetric flow rate of
30 L/s. (b) Contours of velocity vectors with a height of 4 cm.
Figure 13 Flow increase curve for outlet angles 10, 13, 16 and
20.
Figure 14 Flow increase curve for Bladeless fan with a diameter
of 30 cm and outlet slit thicknesses of 1, 2 and 3 mm.
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mental data of a circular jet [7] were used to validate the Blade-
less fan simulation in this study. The mesh grid and boundary
conditions are shown in Fig. 9. In order to reduce numerical
costs, the jet was modeled two-dimensionally and axisymmet-
rically. The domain dimensions used were 100 times those of
the jet diameter in length (Lx) and 20 times it in width (Lr).
The k–e standard turbulence model was used for turbulence
modeling. The inlet velocity was set to 60 m/s uniformly and
the Reynolds number was 1.84  105.
As it can be seen in Fig. 10a, stream wise velocity along the
centerline of the jet decreases, where uin,cl represents the inlet
velocity and ucl is the stream wise velocity at the centerline
of the jet. Also in Fig. 10b, r1/2 is the jet half width that is
defined as the radial distance from the centerline where thestream wise velocity equals half of the centerline velocity at
the same section. Comparison between numerical and experi-
mental results in both above figures shows good agreement;
therefore, the k–e model can simulate the exit flow field of a
circular jet with an acceptable accuracy.
8. Results and discussion
In this section, the influence of various geometric parameters
on the flow increase curve of a Bladeless fan is studied. The
first parameter is the cross-sectional height of the fan (CH).
The flow rate increase curves in Fig. 11a are shown for the
fan section heights of 1.5, 2, 3 and 4 cm. The multiplier factor
M shows the ratio of the outlet flow rate to inlet flow rate from
the fan. Fig. 11a and b shows that the cross-sectional height of
3 cm has a higher M with respect to other thicknesses. As the
amount of airfoil thickness decreases, due to a smaller Coanda
effect [15], less airflow is drawn from behind the fan. However,
Figure 15 (a) Velocity contour at the symmetry plane for outlet
thickness of 1 mm. (b) Velocity contour at the symmetry plane for
outlet thickness of 3 mm.
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from behind will decrease because the area behind the fan
decreases. So there is an optimal section thickness where the
flow increase curve will have the maximum amount of Dis-
charge ratio. The results in Fig. 11b show that the optimal
value for the height of a 30 cm diameter Bladeless fan is 3 cm.
Fig. 12a and b indicates the contours of the cross sections
of the velocity vector for height of 1.5 and 4 cm and an inlet
flow rate of 30 L/s. In Fig. 13b, it is clear that increasing the
thickness of the airfoil causes the outlet edge of the fan to
include a return flow. This phenomenon causes losses in the
fan and reduces the exited airflow from the fan.The second geometrical parameter is the Outlet Angle
(OA). The flow increase curves for angles of 10, 13, 16
and 20 are shown in Fig. 13. This figure shows that when
the exit flow angle is 16 the Discharge ratio is a little higher.
Also Fig. 13 shows that this parameter (outlet angle) does not
have much effect on the flow increase curve.
The third parameter is the size of airflow outlet thickness
(OT) from the fan. Flow increase curves for thicknesses of 1,
2 and 3 mm are shown in Fig. 14. This figure shows that by
reducing the outlet thickness the multiplication factor
increases. The reason for this phenomenon is because of reduc-
ing the size of the outlet thickness. The outlet air velocity
increases when outlet thickness decreases, so a large pressure
gradient is created between in front and behind the fan.
Fig. 14 shows that the Discharge ratio is 25.2, 16.6 and 13.5,
respectively, for outlet thicknesses of 1, 2 and 3 mm, respec-
tively. The difference of obtained values for the Discharge
ratio when outlet thicknesses change indicates that this param-
eter is one of the most influential geometric parameters on the
increase or decrease of the Discharge ratio.
Fig. 15a and b indicates the velocity contour of air passing
through a Bladeless fan with an outlet thickness of 1 mm and
3 mm for the inlet flow rate 30 L/s. These contours show that
for a constant input flow rate, the outlet speed of the fan can
be substantially increased by reducing the size of the outlet
thickness. Also these figures illustrate that the velocity magni-
tude is higher for the upper part of the fan.
The fourth investigated parameter on the Bladeless fan is
the hydraulic diameter. To evaluate the effect of this parame-
ter, three fans with hydraulic diameters of 30, 60 and 120 cm
are designed. In Fig. 16, the flow increase curves for different
hydraulic diameters are shown. It is clear in this figure that for
a constant input flow rate when the hydraulic diameter
increases, the amount of outlet flow rate increases and the
velocity magnitude of exhaust air from the fan is reduced.
The surface area of the fan (behind the fan) increased for
bigger hydraulic diameters; thus, the fan will suck much more
airflow from behind to the front of the fan. Therefore, increas-
ing the hydraulic diameter of the fan with a constant input flow
rate will cause the outlet flow rate to increase. According to the
curves in Fig. 16, Discharge ratio for the hydraulic diameters
of 30, 60 and 120 cm is 11.5, 16.6 and 25.2, respectively. The
large difference between the numbers shows that the hydraulic
diameter is one of the most influential parameters on the M
coefficient. Fig. 17 compares velocity contours for hydraulic
diameters of 30, 60 and 120 cm for inlet flow rate of 80 L/s.
The contours show that velocity magnitude is higher for the
upper parts of the fan. The velocity profiles shown in Fig. 8
confirm the difference between the low and high value. Com-
parison of these contours also shows that for a constant input
flow rate, by increasing the hydraulic diameter the velocity
magnitude of exhaust airflow is reduced.
The fifth geometric parameter is the effect of the aspect
ratio of a Bladeless fan for square and circle shapes. The effect
of aspect ratios of 1, 1.5 and 2 on the flow increase curve for a
fan with a hydraulic diameter of 30 cm and an outlet thickness
of 1.3 mm is shown in Fig. 18. This figure shows that by
increasing aspect ratio the Discharge ratio is reduced for a cir-
cular fan. In fact, the Discharge ratio will be higher when the
aspect ratio is much closer to 1 (changing the elliptical shape
into a circular shape).
Figure 16 Flow increase curve for a Bladeless fan with hydraulic
diameters of 30, 60 and 120 cm.
Figure 17 Comparison of velocity contours for various hydraulic diameters and inlet flow rate 80 L/s (a) Dh = 30 cm, (b) Dh = 60 cm,
(c) Dh = 120 cm.
Figure 18 Flow increase curve for aspect ratios of 1, 1.5 and 2
for circular fan.
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Figure 19 Outlet volume flow rate for aspect ratios of 1, 1.5 and
2 for square shape.
Figure 20 Comparison of Discharge ratio for circular and
square shapes of Bladeless fan.
Figure 21 Path lines of airflow around two
232 M. Jafari et al.The effect of different aspect ratios on a square fan’s flow
increase curve is shown in Fig. 19. This figure shows the Dis-
charge ratio increases by decreasing the aspect ratio toward
1 (changing the rectangular shape into a square shape). This
means that the aerodynamic performance of a Bladeless fan
with a smaller aspect ratio is better.
In Fig. 20, the Discharge ratio is plotted for various aspect
ratios to compare the results of a circle and square fan. Com-
paring the results shown in Fig. 20 indicates that the Discharge
ratio for square and circle fans is almost equal when the aspect
ratio decreases to 1. Also, the difference of the Discharge ratio
between the two shapes increases significantly when the aspect
ratio is about 2.
In Fig. 21, for a better understanding of the airflow around
the fan, the fan airflow path lines are shown. As indicated in
this figure, airflow is drawn from behind and front sides of
the fan and also shows that the exhausted airflow from a
Bladeless fan is smooth and direct.
9. Conclusion
In this paper, three-dimensional numerical simulation is car-
ried out to investigate the effect of geometrical parameters
on the aerodynamic performances of a Bladeless fan. The geo-
metric parameters studied are cross-sectional height of the fan,
outlet angle of airflow relative to the fan axis, thickness of out-
let slit, hydraulic diameter and aspect ratio. The effect of the
aspect ratio parameter was used to assess the performance of
the fan for circle and square shapes. The fan performance
was evaluated by solving unsteady mass and momentum con-
servation equations for a using a simulated Bladeless fan inside
a cube-shaped room. Main outcomes of the study are as below:
 The obtained numerical results for cross sections with
heights of 1.5, 2, 3 and 4 cm showed that the Discharge ratio
has the maximum value for the height of 3 cm.
 For the outlet angles of 10, 13, 16 and 20, the Discharge
ratio for the outlet angle 16 was more than the others.
 The Discharge ratio increased significantly when the outlet
thickness decreased.Bladeless fans, (a) circular, (b) square.
Numerical investigation of geometric parameter effects 233 The Discharge ratio increased when the hydraulic diameter
of fan increased.
 Whenever the aspect ratio is higher than 1, the Discharge
ratio decreased considerably.
 The Discharge ratio of a square fan with high aspect ratios
(about 2) is significantly less than the circle fan.
Overall, the results ranked the parameters having the most
effect on the performance of a Bladeless fan as below: outlet
thickness, hydraulic diameter, height of fan cross section,
and aspect ratio and outlet angle. Finally as another important
conclusion, it is necessary to have a compromise between the
amount of generated noise and the Discharge ratio to design
a Bladeless fan.Acknowledgments
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